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r Anthony Azakie (San Francisco, Calif). Dr. Mitchell, Dr.
ohen, I’d like to thank the association for the opportunity to
omment on this paper. Dr. Amir, thank you for sending me a copy
f the manuscript before the meeting. I found this study very
nteresting and timely. Selective cerebral perfusion has become a
ore prevalent strategy during neonatal arch reconstruction. We
outinely use selective cerebral perfusion during stage I palliation
or hypoplastic left heart syndrome as well as for repair of arch
nterruption or arch hypoplasia.
A significant number of studies have reported on the deleteri-
us effects of deep hypothermic circulatory arrest, and clinical data
ave prompted a move away from the routine use or prolonged use
f circulatory arrest. Recently, more information is becoming
vailable in attempting to characterize both the favorable and the
dverse effects of regional low-flow perfusion to the head. Further
etailed assessments of the optimal conditions for regional low-
ow perfusion are necessary, and this study provides us with some
dditional laboratory data that may have clinical implications.
In summary, this study uses visible light spectroscopy in a pig
odel to assess cerebral oxygenation. You have presented a num-
er of important observations, and in the manuscript the authors
onclude that regional low-flow perfusion rates in humans should
e kept between 30 to 40 cc/kg/minute.
I have a number of questions and comments regarding the study
nd the supporting manuscript. First, the group from the Texas
hildren’s Hospital has shown that bilateral monitoring during
eonatal arch reconstruction detects significant desaturation in the
eft cerebral hemisphere, suggesting that there is asymmetric ce-
ebral oxygenation during regional low-flow perfusion through the
uman innominate artery. Furthermore, at UCSF we have moni-
ored bilateral cerebral oxygenation during coarctation repair and
ound that left-sided cerebral oxygenation is impaired during arch
lamping. In the current study, cerebral perfusion is probably
ymmetric, given the arch anatomy of the pig. Both carotid arteries
rise from the innominate, allowing for bilateral antegrade flow,
nd based on the available data the authors conclude that regional o
312 The Journal of Thoracic and Cardiovascular Surgery ● Decow-flow perfusion rates in humans should be kept between 30 to
0 cc/kg/minute. Because selective cerebral perfusion of the in-
ominate artery in humans may result in impaired left-sided cere-
ral oxygenation, do you think the recommendation should be
hanged? In other words, do you think even higher flow rates may
e necessary in humans in order to account for left-sided asym-
etric perfusion? And do you have any data on left cerebral
xygenation during isolated right carotid perfusion in the pig?
Dr Amir. Thank you for your question. The issue of nonsym-
etrical tissue oxygenation in humans is controversial. There are
bout 3 or 4 studies related to that issue. The first study is a very
nteresting study that was conducted in 1963. The anatomy of the
ircle of Willis was evaluated in 940 autopsies. In that study, 21%
f the patients had normal anatomy of the circle of Willis. Seventy-
ine percent had some hypoplasia of the communicating arteries,
lthough complete defect was very, very rare. There is one pig
tudy showing that unilateral axillary perfusion in the pig has
ymmetrical blood perfusion to both hemispheres, and it was done
y MRI and was addressed especially for this question. Two
linical observations were made by Imoto, which showed that
here were gradients between the right and the left arm during
ntegrade cerebral perfusion in patients undergoing Norwood I
rocedure. So the data are not clear. From our experience in our
nstitution in which we performed antegrade cerebral perfusion
nd we put NIRS probes on both hemispheres, we did not see a
ifference while doing the antegrade cerebral perfusion and at flow
ates of 40 cc/kg/minute.
I think this question is still unanswered. I think that patients
ith Norwood I or any patient with congenital heart surgery might
ave associated anomalies in the circle of Willis, and the incidence
f problems is not the same as in regular patients or regular
hildren. I think that we need to have monitoring by NIRS and I
hink we should evaluate as we go the flow that we should use, but
think we shouldn’t go below 40 cc/kg/minute.
Dr. Azakie. The second issue I’d like to discuss regards find-
ngs that the Milwaukee group has made. They have shown that
erebral oxygenation decreases significantly in the post-bypass
eriod so after bypass during the sternal closure or early in the ICU
nd in the post-bypass period following stage I palliation of
ypoplasts where regional perfusion was used. In your study you
ote that monitoring of animals was continued for 15 minutes after
eaning from bypass, after the warming period and after the wean.
uring that 15-minute period after bypass, did you observe a
ignificant decrease in superficial or deep brain oxygenation using
isible light spectroscopy?
Dr Amir. Yes, interestingly enough I think the last slide shows
t. We do see a significant decrease in tissue oxygenation after we
isconnect from cardiopulmonary bypass. I think the reason for
hat is the temperature. I think the temperature, I mean I know that
he temperature increases after we disconnect from cardiopulmo-
ary bypass. We actually presented a paper at the STS meeting in
hich we showed that cerebral hyperthermia routinely occurs after
eep hypothermic circulatory arrest in our patients. There is a
tudy by Bruno Bissonette in which cerebral venous blood tem-
erature was monitored 6 hours postoperatively. Cerebral venous
emperatures were recorded as being as high as 39 degrees Celsius.
think that this reflects mostly oxygen consumption, increase in
xygen consumption, and I think that postop we should struggle to
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Peep our patients’ temperatures between 35 to 36 degrees in order
o keep their metabolic rate and oxygen consumption down.
Dr Azakie. Last question. Visit light spectroscopy requires
ome degree of invasiveness, and I was wondering if you can
omment on the potential clinical applications of VLS in our
atient population, and can you also expand on the validation
tudies that support this technique as an accurate and reliable
stimate of cerebral tissue oxygenation?
Before you answer the questions, I’d like to thank you and
ongratulate you and congratulate the group for your continued use
f regional low-flow perfusion and continued experimental inves-
igation regarding the optimal conditions for and adverse effects of
egional low-flow perfusion.
Dr Amir. Thank you for your question. The technology has
een validated both in pigs and in humans. The last study that was
one and published was in Anesthesiology in 2004. The needle
robe was validated in muscle pig study in normoxia, hypoxemia,
nd actually occlusion of an artery, and it correlated well with
ulse oximetry. The human validations were done either endoscop-
cally with an endoscopic probe rectally and tissue and mucosal
robes in healthy subjects in normoxia and hypoxemia and in
atients undergoing defibrillator insertions—which showed basi-
ally the time of the defibrillation in which the patients did not
ave blood pressure—and the tissue oximetry was validated and
ompared to the pulse oximetry and they had a very good ratio of
alidation. Clinically our needle probe is little bit too invasive to
se in our patients. We have been using an esophageal probe in b
The Journal of Thoracicrder to monitor esophageal saturations during regional low-flow
erfusion cardiopulmonary bypass as an experimental protocol.
e validated the probe in our piglet experiments, and actually we
ound very interesting data regarding tissue perfusion and somatic
erfusion during regional low-flow perfusion and we’re writing the
anuscript right now. So there is a place in monitoring using the
LS probes, not the invasive ones, but the ones that measure the
ucosal saturations.
Dr [Unidentified]. Number one, I want to compliment you on
our study design, but I just want to exercise a word of caution.
umber one, we do about 100 circ arrest cases a year at Children’s
ospital, and we do measure near-infrared spectroscopy and we
top the circulation after 12 minutes of cooling. We always have
tats around 60 to 70%, which I think reflects the superficial layer.
hen you say regional low flow at 40 cc/kg, that’s actually a low
ow to the brain. I worry about neonates’ fragile tissues, fragile
apillaries, about brain edema, tissue injury, ventricular hemor-
hage. I would just ask you the question, at 40 cc/kg/minute, what
o you think the pressure in the cerebral circulation is going to be?
Dr Amir. I have no data about the safe pressure. We definitely
ave to define what that pressure is. There is at least one study that
am aware of in which reducing the pressure below 40 demon-
trated evidence of tissue ischemia. In our previously published
tudy we have demonstrated that piglets that underwent 45 minutes
f antegrade cerebral perfusion at rates of 40 cc/kg/min showed no
istologic damage or edema and had basically normal-appearing
rains.
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